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Abstract: The Nanling Scientific Drilling—1 (SP—NLSD— 1), a subproject of the SinoProbe Program called “Deep Exploration
Technology and Experimentation”, is situated at the Yinkeng orefield in the junction of Nanling and Wuyi Mountain metallogenic
belts. The drilling project, with footage of 2967.83 meters, revealed rhyolite, granodiorite porphyry, granite porphyry and pyroxene
diorite porphyry. The magmatic rocks are mainly composed of quartz, plagioclase, potassium feldspar, biotite, amphibole and some
accessory minerals, with chloritization, carbonatization and muscovitization. Potassium feldspar is dominated by orthose.
Plagioclases are different in granodiorite and granite porphyry. Andesines and albites are dominant in granodiorite porphyry and
granite porphyry, respectively. Most of the biotites are eastonites. Derived from biotites, muscovites in granodiorite porphyry have
low Al and Fe/(Fe+Mg) values, while muscovites in granite porphyry have high values. Apatites are rich in F and Cl, and garnet
belongs to grossularite. Chlorites are prochlorites and pycnochlorites. The chemical composition of biotite suggests that granodiorite
porphyry was formed by magma derived from mixture of crust and mantle with relatively high oxygen fugacity, and had undergone
magma mixing during the evolution. Granodiorite porphyry, granite porphyry, and pyroxene diorite porphyry crystallized at
temperatures of 810—922°C, 764—819°C, 742— 747° C, respectively. Comprehensive study suggests that granodiorite porphyry
exposed in the Nanling Scientific Drill Hole is similar to granites related to Cu(—Mo)—Pb—Zn—Au—Ag deposits in Nanling region.
The granodiorite porphyry is the ore-forming magmatite of Ag—Au—Pb—Zn—Cu mineralization and Niuxingba—Liumukeng deposit.
The relationship between W—Bi—U mineralization and magmatism needs further research.

Key words: mineral; magmatic source; magma mixing; Yanshanian Period; metallogeny; Nanling Scientific Drilling—1
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Fig.1 Tectonic location of the Yinkeng orefield (a base map after reference [12]) and map of geology and mineral resources of
Yinkeng region (b)
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Fig.2 Simplified columnar section of the Nanling Scientific Drill Hole
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Fig. 3 Microphysiography of the magmatic dykes exposed in the Nanling Scientific Drill Hole
a—Metasomatic texture in orthoclase phenocryst, granite porphyry at the depth of 1380.52 m, crossed nicols; b—Orthoclase phenocryst with
kaolinization and sericitization, granite porphyry at the depth of 1715.02 m, plainlight; c—Plagioclase phenocryst with zoned texture, granodiorite
porphyry at the depth of 1892.61 m, crossed nicols; d~e—Different alteration intensitiesy between enclave (d) and host rock (e), Granodiorite
porphyry at the depth of 2013.80m, plainlight; f—Biotite turned into muscovite at the edge, and carbonate minerals at the core, granite porphyry at the
depth of 1380.52 m, plainlight; g—Chloritized biotite with rutile and apatite inside, granodiorite porphyry at the depth of 1502.06m, plainlight;
h—Biotite without alteration in dark enclave in granodiorite porphyry at the depth of 2017.29 m, plainlight; i—Quartz phenocryst with many apatites,
granodiorite porphyry at the depth of 1052.54 m, plainlight; j—Associated apatite and calcite, granodiorite porphyry at the depth of 2371.72 m,
plainlight; k—Garnet with zonal texture, granodiorite porphyry at the depth of 2258.45 m, BSE image; I—Dolomitization and Pyritization, pyroxene
diorite porphyry at the depth of 1373.84 m, plainlight; Ap—Apatite; Bt—Biotite; Cal—Calcite; Chl—Chlorite; Dol—Dolomite; Grt—Garnet;
Kfs—Potassium feldspar; Ms—Muscovite; PlI—Plagioclase; Py—Pyrite; Qtz—Quartz; Sd—Siderite
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Table 3 EPMA analysis results of plagioclases of magmatic rocks in the Nanling Scientific Drill Hole (mean value)(%)

i

S SREERE/m B Si0, TiO, ALO; FeO MnO MgO CaO Na,O KO  P,Os F Cl Total An Ab Or
20.50 1 68.86 0.00 18.30 0.19 0.00 0.00 0.05 11.81 0.04 0.00 0.00 0.01 99.26 0 100 O
1045.42 3 57.46 0.02 27.09 0.14 0.01 0.01 8.76 6.30 0.38 0.01 0.01 0.00 100.20 43 55 2
1045.42 1 65.26 0.02 22.02 0.05 0.00 0.01 252 10.24  0.20 0.00 0.02 0.00 100.33 12 87 1
1104.07 1 65.58 0.02 22.01 0.22 0.00 0.19 0.14 10.34 1.23 0.01 0.00 0.00 99.74 1 92 7
1455.13 1 58.10 0.00 26.43 0.12 0.02 0.00 902 6.10 0.37 0.02 0.00 0.04 100.21 44 54 2
TER 1894.37 2 54.86 0.01 29.31 0.15 0.01 0.04 10.91 4.98 0.28 0.00 0.00 0.01 100.55 54 45 2
& 1894.37 14 59.40 0.01 25.74 0.10 0.01 0.01 6.96 7.24 0.57 0.01 0.02 0.00 100.08 34 63 3
s 1894.37 1 62.54 0.00 23.36 0.00 0.01 0.00 4.84 8.54 0.05 0.01 0.02 0.01 9936 24 76 0
1949.41 2 56.93 0.00 27.39 0.11 0.00 0.01 9.01 6.05 0.36 0.01 0.08 0.00 9996 44 54 2
1949.41 2 54.19 0.01 29.27 0.27 0.01 0.08 10.72 4.89 0.43 0.00 0.06 0.01 9994 53 44 3
1949.41 2 60.98 0.04 24.34 0.44 0.01 0.00 523 8.27 0.46 0.01 0.05 0.00 9984 25 72 3
1953.18 2 67.54 0.00 20.74 0.04 0.01 0.04 0.34 10.92 0.18 0.01 0.03 0.00 99.84 2 97 1
2258.45 5 60.92 0.02 25.11 0.12 0.02 0.03 6.53 6.79 0.69 0.04 0.01 0.00 100.27 33 63 4
1429.73 1 66.34 0.00 20.64 0.10 0.00 0.04 393 7.40 0.41 0.00 0.21 0.01 9910 22 75 3
1429.73 1 72.34 0.00 21.61 0.36 0.00 0.49 0.16 6.98 0.08 0.03 0.00 0.00 102.04 1 98 1
EH 1632.95 3 69.82 0.02 20.18 0.22 0.00 0.02 0.41 8.42 0.27 0.01 0.03 0.00 99.39 3 95 2
fn 1663.23 2 70.46 0.01 21.23 0.03 0.01 0.00 027 6.35 0.11 0.01 0.01 0.01 98.50 2 97 1
= 1672.27 2 69.95 0.02 21.34 0.07 0.00 0.00 0.37 6.89 0.38 0.00 0.00 0.01 99.02 3 94 3
1705.36 1 68.75 0.00 20.08 0.04 0.00 0.02 0.12 8.72 0.08 0.00 0.00 0.02 97.84 1 99 1
1715.02 3 68.39 0.00 19.93 0.04 0.02 0.00 031 10.42 0.12 0.01 0.04 0.03 99.30 2 98 1
. N S = An
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AN ) FEEKAT (AbasssAns si) , SiOs B34 54.19%~
68.86% , ALO; ¥ 1 1y 18.30%~29.31% , K.O & 1
0.04%~1.23% , Na,O 7% 1 N 4.89%~11.81% ; ££ i Bt
A B RHS A DU A 8 3 (AbssAn,s) , DA
K A (AbsAny) , SiO, & 1 4 66.34%~72.34% ,
ALO; %5 5 19.93%~21.61% , K,O 75 £ 5 0.08%~
0.41%,Na,O &} 6.35%~10.42%., MAE i [N BE
AR KB A, BHOA P SIo, % = TR, ALO;.
Ca0 .K.O Na,O ¥ imbliz AR, H AL X N B
AR AT TE Si0,— ALO; , Si0,—Ca0 . Si0,—Na,0 K] h
7R S B T Ak R A T AR B B s AR
AR B RFAIE 8 BH 3K R 5 28 8 Tl RE R VR AN [A] 1)
JRIX, 207 T 58 AN 25 fhad /.
32 =f

R R — LB B s R a T EA S
RESR BB b TR A R BEA LG <) N EE S T LABE

Pl 4 pE IR Bl R —fL TR R A A 9 KA1 Or—Ab—An ]
Fig. 4 Or—Ab—An triangular diagram of feldspars in
magmatic rocks exposed in the Nanling Scientific Drill Hole

mlE X . AEREES TR o B R, 20 AR
HH BB IRER s AL N KBRS TR s b2 A
e TE AT TR T SE AR SRSV SR DI 8
e AL BRRER AL, A IR G 20 A BORLIR B
Br A i (B 3—-f~g) o

B TR i SR (R 4) R 4B i IN K B
W B Si0, B N 31.37%~38.53%, ALO; &
H15.62%~20.46% , TFeO 7% 1t A 12.14%~21.17%,
MgO % & 8.96%~16.33% , TiO, % & K 1.47%~
6.60% , K;O 7 18 4 3.45%~10.00% , Na,O & & Ky
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Fig. 5 Si0,—ALOs(a), SiO,—CaO (b) and SiO,—Na,O (c) diagrams of plagioclases in magmatic rocks exposed in the Nanling
Scientific Drill Hole (symbols as for Fig. 4)

A ERAKRES
6 R R B R A

B & H1 X 5 Cu(-Mo)-Pb-Zn-Au-Ag
O R Ekany *

2D H MR 5W-Sn-Mo-BifkH"
HREXR

TN EEARRE RS
{3 EmBiERENE

A1™+Fe™+Ti Fe*'+Mn

Kl 6 mle Bl iR — LT B A K oa b R B e O
el 4 SCR[13-151& 80
Fig. 6 The classification diagram of biotites in magmatic rocks
exposed in the Nanling Scientific Drill Hole (modified after
references [13-15])

0.07%~0.66% , Mg’ (Mg/(Mg+Fe* +Fe’ ")) N 0.44~
0.71,Fe**/(Fe" +Fe’ )MH N 0~0.57, I & H L EMIF .
Cl, fL¥%2013.05~2017.50 m 4418 (4L i DN K B2
AR, SR INK RS TR RSB,
LR ) B = B EAT 3 1Y KO \Na,O . Cl 5 it (43
524 9.32%~10.10% . 0.21%~0.55% . 0.09%~0.19% )
I Fe¥/(Fe*+Fe™){H (0.28~0.53) , LI L B E H I F &
1#(0.37%~2.07%) o TERAERE (K 6)F, %k
B AMTE BB AR X, KR B A REE R
BER A BRI

A6 1 BE 5 FAE 5 DN BE 5 v B 1 2 B2 i 2R
RS TR, M B BESE P I A R
AR AR RS (R S) . 7 AlY-Mg EIFI

Al"-Fe/(Fe+Mg) & (& 7) Hr, BRI K AL = BE ] LA
S NRSRANFE B WIS AL R BEA I A s B A &
(4 A1} (3.30~4.15) . Fe/(Fe+Mg){H (0.72~0.89) Fil
R Mg J5 45, A6 i IN KBS 0 1 = BRI EA
Ky A1V {H (2.55~3.47) . Fe/(Fe+Mg)fH (0.14~0.59)
FE Y Mg JE T4
3.3 WA

B IR A R BT AE R IN K B T, 2 B kL
R HEIR B2 0.1~0.5 mm, S5 AT 3k 1.5~3 mm, 32
BURAF TR 3R T A0 KA SR A b
B (K 3-g.i~j) . HFIREF T4 R (R 6) %
HH, #5 KA1 P CaO &4 53.95%~55.81%, P05 5 12
439.62%~44.54% , SO: % 1 4 0.01%~0.11%, F & i
4 0.47%~2.96% , C1 & 15 4 0.01%~0.52% . WK A1
HF & ST ClLE &, Xd/(Xa+tXe) [H K 0.74~
1.00. 5448 b N B A Bl IR A7 "R H , e
WAk BN R — L b B K A HA AR B P.Os F . Cl
B i R 1 9 X/ (XX B
3.4 AR

AR AT AL T LI 2258.45~2264.75 m (I 4E i
N EEA k& 250 (B 3-k) , 8 T 5451
A, HPyr(CBEERMRA) 73 F & 5 4 0.26%~0.51%, Spe
(BEARREA) 3F 35 58 0.91%~1.93% , Gro (547 18
A5 T80 51.59%~62.49% , Alm (BREAHE ) 43
TN 22.35%~29.36% , Hfh i oo 7 & & H
7.72%~24.18% (K 7) o MAZFRBNAHE , A K841 1Y Xe
{ (Ca/(Ca+Fe+Mn+Mg)) 5 X {H (Fe/(Ca+Fe+Mn+
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x5 B BRETFRIHSTER (FHE) (%)

Table S EPMA analysis results of muscovites of magmatic rocks in the Nanling Scientific Drill Hole (mean value) (%)

= e KIS e s
STREVERE/m | 1748 205 104542 1052.54 1502.06 1508.04 2011.94 2014.3 2017.29 2365.76 2870 | 1380.52 1429.73 1663.23
ST R 2 2 1 1 1 2 1 2 2 1 1 3 2 1

Si0, 50.52  50.84 4853 4929 5055 50.09 4841 5315 5050 5559 51.55 51.54 5268 5086

TiO, 041 021 059 032 061 059 007 020 024 013 022 0.13 0.10 0.02

ALO; 3027 3138 2979 2838 3030 28.82 3481 3047 2991 2914 29.84 3201 3544 3558

FeO 434 329 394 410 373 537 110 098 118 28 220 4.98 3.45 1.26

MnO 002 000 000 004 004 003 004 002 000 006 0.00 0.59 0.03 0.04

MgO 182 147 235 254 185 307 042 247 266 389 262 0.55 0.64 0.15

CaO 002 002 010 000 002 000 003 00l 000 015 007 0.04 0.01 0.15

Na,O 005 003 014 012 015 016 013 005 014 003 009 0.14 0.11 0.09

K20 7.73 794 1091 11.15 1001 1098 1077 1085 1082 477 10.79 7.33 6.95 7.54

P,0s 001 002 000 000 000 002 003 000 001 0.00  0.00 0.02 0.00 0.01

F 025 013 006 030 00l 002 004 0I2 085 018 0.08 0.54 0.30 0.00

cl 000 000 001 000 00l 000 00l 000 003 002 0.00 0.01 0.01 0.00

Total 9543 9533 9642 9625 9727 9914 9585 9833 9634 9684 97.46 97.80 9970  95.70

Si 6.4398 6.4811 6.1865 6.2831 6.4432 63844 6.1707 6.7754 6.4369 7.0862 6.5714 | 65701 67153  6.4835

Al 4.5482 47146 4.4760 4.2646 4.5523 43305 52298 4.5784 4.4947 43789 4.4838 | 4.8100 53241  5.3461

Al 1.5602 1.5180 1.8135 1.7169 1.5568 1.6156 1.8293 1.2246 1.5631 09138 1.4286 | 1.4299 1.2847 1.5165

AV 2.9879 3.1957 2.6624 2.5477 2.9955 27150 3.4004 3.3538 29316 3.4651 3.0552 | 33801 4.0394 3.8295

Ti 0.0388 0.0204 0.0566 0.0304 0.0585 0.0562 0.0063 0.0193 0.0228 0.0121 0.0212 | 0.0127 0.0094 0.0015

Fe 0.4623 03512 0.4199 0.4372 03974 05720 0.1172 0.1048 0.1263 03083 0.2344 | 0.5309 03681 0.1346

Mn 0.0020 0.0000 0.0000 0.0041 0.0038 0.0033 0.0045 0.0026 0.0000 0.0060 0.0000 | 0.0638  0.0027  0.0039

Mg 0.3464 02785 0.4458 0.4834 0.3521 0.5835 0.0802 0.4688 0.5059 0.7390 0.4971 | 0.1041  0.1208  0.0277

Ca 0.0027 0.0022 0.0137 0.0000 0.0026 0.0000 0.0044 0.0007 0.0003 0.0202 0.0089 | 0.0056 0.0008 0.0205

Na 0.0135 0.0074 0.0351 0.0294 0.0371 0.0395 0.0311 0.0129 0.0334 0.0064 0.0232 | 0.0349 0.0279 0.0225

K 12571 1.2911 1.7750 1.8142 1.6276 1.7854 1.7520 1.7646 1.7603 0.7764 1.7555 | 1.1924 1.1300 1.2262
Fe/(FetMg) | 057 056 049 047 053 050 059 018 020 029 032 0.84 0.75 0.83

0.8 1.0
] A o g
[m]
| A 0.8} Do o
A L [m]
L A A &
2 0.4} 5 F A
a < 2
I 3 04}
L A
0.2} A A
02} N )
o0 g
| |I::|A O I A
0.0 L E' L 0.0 L .
2 3 4 5 2 3 4 5
A]VI A]VI

B 7 R R AR — LR 5 5 A B AlY-Mg [ (a) F A1Y'=Fe/(Fe+Mg) &l (b) (I Bil[F] E 4)
Fig. 7 Al"-Mg (a) and Al"'~Fe/(Fet+Mg) (b) diagrams of muscovites in magmatic rocks exposed in the Nanling Scientific Drill Hole
(symbols as for Fig. 4)

Mg)) K A B i 5 G AR AL, X fEL AR S AR
X BT R ER (K 8) . RAE R
A 2 0 A AR A 87 T A B I R
i, BRI FTERE 158,

3.5 #ikA
ZRPEATTEAE R IN R BE A T 2 A7, R RO A

PR AR S AR R R R A DA A R T R (5] 3
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Fig. 8 The variation of Xr.and Xc, value from core to edge in
garnet

K9 MU BLA AR —fLIT 82 5 S R ek A 7 28 KT O
P4 SCR1181) (1l [ 141 4)
Fig. 9 The classification diagram of chlorites in magmatic rocks
exposed in the Nanling Scientific Drill Hole (after
reference [18]) (symbols as for Fig. 4)

R 6 LK NRKBEE PR AR TR ER (FHE) (%)
Table 6 EPMA analysis results of apatites of granodiorite porphyry in the Nanling Scientific Drill Hole (mean value) (%)

%E?m )i_j\;g Si0,  TiO; ALO; FeO MnO MgO CaO Na,O KO PyOs F Cl SO;  Total Xe/(Xpt+Xcp)
17.48 1 0.11 0.05 0.00 0.13 0.23 0.04 5501  0.06 0.00 4118 202 0.28 99.11 0.93
1043.6 1 0.25 0.03 0.01 0.28 0.18 0.07 5448 029 0.04 3962 0.66 043 96.33 0.74
1045.42 1 0.02  0.02 0.00 0.12 019 0.04 5426 0.08 0.00 4095 070 0.21 96.59 0.86
1052.54 1 026  0.00 0.02 0.25 019 0.07 5463 0.26 0.02 3978 271 0.46 98.64 0.92

1053.78 1 0.04  0.02 0.00 0.21 022 0.04 5429 0.13 0.00 4125 1.67 052 0.08 9845 0.86

1104.07 2 0.09  0.00 0.00 0.13 0.30 0.05 5421 013 0.00 4123 178 032 0.08 9831 0.91
1438.79 2 0.05 0.02 0.03 0.15 017 018 5462 0.14 0.01 4046 225 017 98.26 0.96
1455.13 3 0.10  0.02 0.02 0.20 0.28 0.02 5428  0.07 0.01 4216 1.04 0.22 98.42 0.90
1502.06 1 0.09  0.02 0.00 0.37 029 0.02 5513  0.05 0.01 4044 1.03 0.38 97.82 0.83
1667.75 1 012 0.00 0.07 0.23 0.23 0.06 5414 0.16 0.03 4169 218 0.16 99.07 0.96
1894.37 1 0.01 0.03 0.01 0.06 012  0.00 5521 0.13 0.00 4047 075 0.5 96.93 0.90
1949.41 0.31 0.00 0.02 0.25 022 0.06 5444 0.16 0.01 4071 183 033 98.35 0.91

3
1953.18 2 0.07  0.00 0.01 0.12 0.18 0.02 5449 0.05 0.00 4149 212 021 0.03 98.78 0.94
3

2011.94 0.10  0.00 0.02 0.20 0.21 0.03  55.05 0.06 0.02 40.87 1.06 0.29 97.89 0.87
2013.8 1 0.02  0.00 0.00 0.16 039 0.05 5438 0.12 0.00 4056 232 0.28 98.30 0.94
2014.3 1 0.15 0.00 0.02 0.21 037 0.03 5405 0.17 0.02 41.15 1.68 0.20 98.04 0.94
2017.29 3 0.10  0.00 0.01 0.15 0.14 0.04 5437 0.11 0.01  41.00 279 0.09 98.81 0.98
2372.6 3 0.06  0.01 0.00 0.19 017 0.04 5472 0.13 0.01 4065 058  0.27 96.83 0.79

T X/ (Xt Xo) IR TELZ L o
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Table 7 EPMA analysis results of garnet of granodiorite porphyry in the Nanling Scientific Drill Hole (%)

Ko

Si10
me 0

TiO,

ALO; FeO MnO MgO CaO

Na,O

K,0

P05

F

Cl

Total Pyr

Spe

Gro

Alm

Other

X

Xre

Xim Xea

3759
36.75
37.06
36.21
3758
36.80
34.45

NN s W N =

0.26
0.04
0.17
0.21
0.08
0.09
0.00

20.58
20.66
21.72
20.47
2127
20.53
19.24

9.72

12.76
11.50
11.90
13.14
12.07
11.94

0.62 0.11

17.52

0.39 0.10 21.04
0.56 0.07 2047
0.68 0.12 19.06
0.42 0.07 2161
0.41 0.10 21.17
0.77 0.08 17.52

0.18
0.00
0.01
0.00
0.00
0.05
0.00

0.06
0.00
0.00
0.00
0.02
0.04
0.01

0.03
0.07
0.00
0.05
0.06
0.03
0.05

0.11
0.00
0.05
0.01
0.04
0.00
0.00

0.02
0.00
0.01
0.01
0.00
0.01
0.00

86.78 0.43
91.81 0.41
91.61 0.26
88.71 0.51
9429 0.27
9130 0.42
84.07 0.36

145
091
124
1.59
0.93
0.95
1.93

51.59
61.72
57.12
56.43
61.56
62.49
55.19

2235
20.23
25.04
27.49
20.23
27.82
2936

24.18
7.72
16.33
13.98
8.01
831
13.17

0.0057
0.0045
0.0032
0.0059
0.0029
0.0046
0.0041

0.2947 0.0191 0.6805
0.3167 0.0099 0.6689
0.2993 0.0149 0.6827
0.3195 0.0185 0.6560
0.3177 0.0102 0.6692
0.3034 0.0104 0.6816
0.3381 0.0222 0.6356

 : Xue =Mg/(Fe+Mn+Mg+Ca) ; Xr. =Fe/(Fe+Mn+Mg+Ca) ; Xy, =Mn/(Fe-+Mn+Mg+Ca) ; Xc, =Ca/(Fe+Mn+Mg+Ca),

RSFRABTFRISNER (FE) (%)

Table 8 EPMA analysis results of chlorites of magmatic rocks in the Nanling Scientific Drill Hole (mean value) (%)

Kﬁf@f 1043.60 1045.42 1104.07 1455.13 1502.06 1508.04 1667.75 1667.75 1894.37 2011.94 2258.45 2365.76 2372.60 2527.48 2870.00
faRiv=t14 5 1 3 4 1 1 3 2 6 2 2 4 4 1 1
Si0, 2742 2738 27.08 2743 2654 27.46 26.06 2533 2733 27.62 28.41 26.51 29.40 26.61 28.08
TiO, 1.73 0.04 1.93 0.10 0.06 0.15 0.06 0.04 0.84 0.13 0.13 0.04 0.14 0.80 0.06
AlLOs 20.61 21.83 20.38 21.47 2039 20.99 2270 20.56 1948 19.19 19.00 20.25 21.47 20.01 20.16
FeO 20.54 19.77 22.26 2228 26.83 22.61 2277 4044 2502 2297 25.34 25.46 21.38 24.69 21.29
MnO 0.18 0.69 0.28 0.46 0.46 0.58 0.35 0.12 0.54 0.13 0.61 0.56 0.24 0.72 0.62
MgO 16.33 18.35 15.78 15.73 14.80 16.29 15.66 2.39 13.20 16.62 14.17 14.56 15.40 14.22 17.28
CaO 0.03 0.01 0.04 0.03 0.03 0.39 0.01 0.05 0.49 0.02 0.04 0.02 0.06 0.00 0.02
Na,O 0.05 0.03 0.02 0.06 0.03 0.07 0.11 0.54 0.04 0.01 0.02 0.04 0.06 0.02 0.02
K,O 0.66 0.01 0.19 0.20 0.00 0.13 0.01 0.59 0.25 0.01 0.27 0.02 0.56 0.08 0.06
P05 0.01 0.00 0.01 0.01 0.02 0.05 0.02 0.00 0.00 0.02 0.00 0.01 0.01 0.00 0.00
F 0.04 0.05 0.02 0.06 0.00 0.10 0.04 0.00 0.05 0.06 0.05 0.06 0.06 0.02 0.01
Cl 0.01 0.01 0.01 0.01 0.00 0.01 0.03 0.12 0.01 0.01 0.01 0.01 0.01 0.00 0.00
Total 87.60 88.16 87.99 87.83 89.15 88.82 87.82 90.19 87.24 86.78 88.04 87.54 88.79 87.17 87.61
%281 O E
Si 5.6335 5.5541 5.5877 5.6581 5.5370 5.6210 5.3933 5.6417 5.7849 5.7842 5.9467 5.5991 5.9313 5.6294 5.7765
AlY 2.3665 2.4459 2.4123 23419 2.4630 23790 2.6067 23583 2.2151 2.2158 2.0533 2.4009 2.0687 23706 2.2235
AV 2.6301 2.7755 2.5458 2.8756 2.5519 2.6874 29305 3.0259 2.6505 2.5265 2.6350 2.6415 3.0436 2.6179 2.6666
Ti 0.2707 0.0064 0.2991 0.0148 0.0093 0.0228 0.0089 0.0066 0.1318 0.0208 0.0203 0.0066 0.0216 0.1279 0.0088
Fe 3.5341 3.3538 3.8430 3.8439 4.6819 3.8718 3.9422 7.5729 4.4346 4.0338 4.4368 4.4986 3.6241 4.3685 3.6628
Mn 0.0310 0.1177 0.0482 0.0808 0.0818 0.1002 0.0613 0.0232 0.0974 0.0230 0.1085 0.0992 0.0408 0.1283 0.1088
Mg 5.0110 5.5500 4.8485 4.8344 4.6033 4.9702 4.8327 0.7932 4.1695 5.1856 4.4238 4.5840 4.6421 4.4832 5.3009
Ca 0.0056 0.0017 0.0091 0.0062 0.0056 0.0845 0.0017 0.0121 0.1092 0.0045 0.0078 0.0055 0.0136 0.0000 0.0046
Na 0.0217 0.0114 0.0096 0.0239 0.0109 0.0282 0.0452 0.2404 0.0145 0.0043 0.0083 0.0173 0.0249 0.0086 0.0092
K 0.1700 0.0018 0.0510 0.0516 0.0000 0.0350 0.0019 0.1645 0.0657 0.0015 0.0714 0.0067 0.1413 0.0208 0.0160
Fe/FetMg) 0.41 0.38 0.44 0.44 05042 0.44 0.45 0.90 0.52 0.44 0.50 0.50 0.44 0.49 0.41
7/ C-a 319 332 326 315 335 321 358 318 295 295 269 325 271 320 296
7/C-b 322 333 330 319 340 324 361 336 301 298 274 330 275 325 299
W T/°C—a Ml SCHR[35 13T : T=321.98A1Y/2—61.92 ; T/°C—b Mg SCRR[36]354. : T=319[A1"/2+0.1Fe/(Fe+Mg)]—69.,
(& 9), H Si0, & & H 24.56%~31.74% , V- (H 4 3 i
) . » Te
27.42% ; TiO, & 5 M 0~4.78% , V- 341{H 0.59% ; ALO;
BN 18.15%~23.03% , FEY4(H 20.57% ; FeO & 12 R 4.1 BREMEEBIINE WIEXFE
18.92% ~26.83% , V- ¥J {f 23.06% ; MgO & & K AT YA ) R R A R R ) E
11.69%~18.35% , “F- 411 15.27% , Fe/(Fe+Mg) i A e e, iﬁZEEPEI’JkE R AT YITh S
] =— “
0.38~0.56(F8) . 1667.75 m L& 2k 1) #ili 2 U A7 Foam WRAE , , X A 3 e il R AR RIS S IR X 25 T
3 N A~ EL > B3
BREESER A, HiFeO & 5 N 38.64%~42.25% , MgO ﬁﬁ%@iﬁ@%ﬁmaxo v B AR R A A
Fi N 2.14%~2.65%, Fe/(Fe+Mg){E 0.89~0.92,, B B R B R R B Mg/(Mg+Fe™ ™ +Fe™) il
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Fe''/(Fe” +Fe’ ) HufH , MO B ba A i SR = BE Y 3R
WL EB K", 7 Mg/(Mg+Fe* +Fe*")—Fe’/(Fe* '+
Fe™" )&l (5 10—a) 1, mg e Bh 2= 8 —fLAL i N
BEA T ISR BN 2 4, —H T A [ AL B
0 B, — 2LV A A TR AR Y T T A e TR
165 A VI R Y 9 4 P = BE T & B4 1 I BREA il
77 T AL 1892.16~1896.33 m ., 1952.95~1961.10 m ,
2365.96~2527.77 m, H A0 & T le A | ki
Wb e ICA Je & e mille s, i R L A vl e 2
FECL Fe/(Fe ' +Fe YEIm LAY F 2R K . 7F Mg—
(AI"+Fe"+Ti)—(Fe*+Mn) & (1€ 6) H , 16 b IN K BE
HH ) R 23 BEORER 0t Y 7 A 1 (R4 284 B R
. Abdel—Rahman $2 H} T HI4E i< 75 1 () 28 = B A
X EEE, S RIAE A T I B = B & AR, A BUAE X
Y R B R, W B AR — AL P e
RINKEE AT RN EER S-SR
B F8 A6 S N BES EAT TRIAE AR IE . 7E Si—
Mg/(Mg+Mn+Fe*'+Fe™) & (& 10-b) 1, R = BEIETE
HER R B < 7 X, TR =B MgO—TFeO/
(TFeO+MgO) i (E 10—c) o, AR SCHTIF 58 A = B
—MNEAEFCIRIX, — DI TR I, AR 9% T5¢
DRI IR X3, BB B A SRR S s U R 2
BlAR—FL P AR 1 TN K B0 25 1) T DX ] B 1 5% T
MRS, X5 gk HE R 28 T B A A
BCRAE B —2,
42 BEEENERELHNIERER

B AR 2A A5 —FL 2011.93~2017.50 m FLEEAE
B DA BRE 5 T 5 I AL A AR S22 K R 2 KR IR
AHEIAR , K/ 4~10 em, 5 25 3= 55 T8 35 b ok

0.6

=1
]

(Bl 11-a~c) , F £ 5 — M & F % 1~2 mm Y4 (7
o AR L ZF 35 AR ZE A T R
Mk FARBGE R T AR AEHNAAED, 7
LIRS B A B A L, AT RUOWEE B ERR A S BE
P B 11—e) s GO 9 S 41K 7ok, B 4l
HSHA—E(E1-d); FEASTARKSE T
AIESL(E 11-g) , A 8 = BEBE S R SR AR
FRIE(E 11-0), SR 537 5 40 TSI
Mrie™, af TR A% KA Bakk, Aaih
A5, Ik B R R R s AR TR B
BORK AR L, B fsEs , & B gk
Bl (E 3—e~f E 11—e) ; “H BTN FAE
225, UL ERHEB 2 5T -G R PIRE R oA
], M 27 o A SR SR & e, = F/CLE
e R ARE SR SR &, AR SHF AT
YR BEAR, AT REULIH RS 2= RN

AN B AP LG+ 300 < RS A B i
B R BRI &k B ERRBE A (B 11-1) . 4
p<I P BRE 7 TS 38 S Py A, B 1ol [53]  1)
RHC A EURL AN A K AT PR (] 11-5) , 4%
SRR AR BAL TR A HEE  FEAL A O KA
( fL % 1045.42~1052.01 m, AbyAn,) 5% # K f1
(1949.41 m, Abs,Any) B, i1 &5 4 51 8 & A
(AbsAny) 7 KA (AbsAnse) s 4 JEBHE AR B
AERASAR (E 11-1) XL 38 78 A6 I DN T
WTRE S BRI AR A TIRATER ™, Ak
BESH AT AL S AR KA o B R S AR
(1K), X —F s/ NRUE R, 2850 B
BRI, A N BEE AR TE B i v o A7 7 25 2K

a A “e] <]
A
0l I &L AL T T
N o
AA % 0.6 ~ 08
A s A A < E Y X
5 0 LY. Sl 2osp A A & g 2 = TR
= A © DA & 5
5 AAA IAN EE 4 AA 2 AAQ
50.3 4 §0.4- é0.6 M i
B 1 B 0.3 3
202 RN e 2 TN Y [
A %‘30_2 EERERNTERE =04
Y - oo S 5 i X
HERIERE A 0.1 18R X
0.0 . L AAAMA . 0.0 " . " . 02 . . '
02 03 04 05 06 07 08 48 50 52 54 56 58 0 s 10 15 20

Mg/(Mg+Fe™*+Fe™)

MgO/%

Pl 10 2 BRI ) A o R 2K AR T e (i P10 SCRR[ 1915 IS PRI SCHR[211 5 ¢ i 0 SCifk221]) (&I il T 151 6)
Fig. 10 Discrimination diagrams of biotite for granite genetic types (diagram a after reference [19], b after reference [21], and c after
reference [22]) (symbols as for Fig. 6)
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P11 IR AR — L P E SR B AR IR A 2 AR ARE

a~c—2011.93~2017.50 m 4E 5 N K SEAT P RE A1 s d—AD 1A 5 A7 F25 10 FLER T IR L SP0m D' s e—IA DALY /7 DI T B 5 0 (A A o 2
AR A g S E R, S ik B SRR AT SRt s g—AF A B S R B IRAL, R AL IE A
I s hei—FHE A BE B R IR, DR SRR IR AT FLIAR 1949.41 mAE R INK LA, Bt s j— A BE R g i J5 A A e A 3030,
1045.42 m AE R N BER , ST  k— A SEBE 5 N 5 MBRLRHR A7 B BRI, 1892.61 mAE R N BES , IEZMRDG s I— A7 3Bk it
PR ATRE A, AR E AT IRBR IR AT, 1892.61 m ALK INIKBES , IEASi G s Ap—Bi KA1 s Bt—BR 5 B PI—RH AT ; Py—BUERAT s Qz— 1 3%
Fig. 11 Petrology and petrography suggesting magma mixing in the Nanling Scientific Drill Hole
a~c—Dark enclaves in granodiorite porphyry at the depth of 2011.93~2017.50 m; d—Distinct boundary between enclave and host rock, plainlight;
e—Corroded quartz phenocryst steps over the boundary between enclave and host rock. Pyrite content in enclave and host rock is markedly different.
Reflected light; f—Biotite in enclave was plastic deformed, plainlight; g—Quartz phenocryst in host rock displays deformation lamellae, crossed
nicols; h~i—Egg—shaped plagioclase phenocryst, with needle—like apatite inside, granodiorite porphyry at the depth of 1949.41m, plainlight;
j—Corroded oligoclase phenocryst with andesine rim, granodiorite porphyry at the depth of 1045.42m; k— Quartz phenocryst wraps aggregation of
fine—grain plagioclase, mica and oxide, granodiorite porphyry at the depth of 1892.61 m, crossed nicols; I-Rim of quartz phenocryst replaced by
labradorite, with needle—like apatite inside, granodiorite porphyry at the depth of 1892.61m, crossed nicols
Ap—Apeatite; Bt—Biotite; Pl—Plagioclase; Py—Pyrite; Qtz—Quartz
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REVER, 5 Z AT B2, AL BE TR DL KR
GG RS I, 780 A PEAR P ) 4R
M HRAR AR AR BN ) 7 S T, 23R L v 0 5% i
X AL T A R R BT, B UL T 2440 15 Fl o
T B, VI A FBl b () 28 AR AR IR R 24 5 e 4
&2 ) O R A il A B X B R T IR AR T T Hb e
Selg Py L [A] 2 5 46 5 N BUA R R V) 2 6k
R T 17 1 DX B P DR 2 5 | e DX sl PR D s, e
J5A A FIATE AL B BUA IR s TR X TR BE DA SR X
Yy i 4 B R 25 55 1T BB R o AR B TN B TR A A
HIRRGERM AL BEE TR KA A KIBAE
FHM EZR A,
4.3 BEMBLFESYE

16 <1 P AR R TR ™ W 6 RO Bt A
B 2R A R T R R A TR AT
AYFE AR,

(1)

ISR 2E B R — LR A A Pk T K&
B CE AR ST LR B B A ok, HA R 2
AR ES A, TR AL B N B A N By
AR A1 1 ELABI AR 24, i e v] LLIA R A R X
Hr B A B T AR, B A AR AR R T A KR
(1) L BRE, AT LA AR A 1 T A T VR S IR
F 4 Watson et al B i (19485 A (0 AR BE T, 115
A6 N BES A6 B B OV TN By R 485 i
JE 4351k 810~922°C . 764~819°C  742~747°C(F9) .

(2) AR R T

A6 N BE S Th R = BEY Fe''/(Fe* +Fe ) E N
0~0.57, 7 #{H 0.26 5 W5 £ 4 4 rf & 25 B (1) Fe' '/
(Fe* " +Fe’ )l 9 0.28~0.53, -4 {4 0.41, 7E Fe''—
Fe’'—Mg E i ([ 12) H, BR AT 1892.16~1896.33
m. 1952.95~1961.10 m. 2365.96~2527.77 m L Bt AJ
AE 2 B D P 2 5 ) ) SR 5 BRSNS o
=R AVETE Fe,0,—Fe, O A 4L I, S AR At

RIERWIEEITELER

Table 9 Zircon saturation temperatures calculated according to major and trace element values

= TEEREm  SiOy% ALOy% CaO/% Na0/% Ko0/% 7r/10° BRI S/ C

13.55 62.58 13.75 4.4 0.08 4.34 137 810

17.48 63.53 15.11 3.51 0.92 4.38 145 823

17.8 63.46 15.24 3.52 1.62 4.08 169 834

20.48 65.32 15.35 2.73 2.1 3.59 150 831

20.5 65.69 15.25 2.87 2.43 3.5 142 822

1043.6 59.86 14.77 4.87 2.27 3.55 209 832

1048.72 65.08 14.84 2.94 2.63 4.38 200 845

1052.78 65.26 15.01 3.01 0.07 4.87 190 860

1056.84 57.98 14.75 4.84 1.75 5.15 194 817

1104.07 60.8 15.2 3.06 2.59 3.86 200 844

1373.14 70.7 14.3 0.99 0.47 3.95 224 899

1438.79 58.8 15.2 2.44 0.14 4.29 179 857

1455.13 63.6 149 1.79 0.27 4.02 170 862

TER N KRS 1506.21 65.8 15.1 3 2.75 3.21 196 850
1508.04 67.4 15.1 3.07 3.36 3.39 176 835

1667.75 62.2 15.1 0.82 0.48 3.11 188 885

1894.37 65.66 17.01 2.81 3.67 2.08 239 878

1950.66 62.08 15.52 5.58 4.15 1.03 248 847

1952.54 69.19 15.29 1.95 29 3.27 195 862

2012.07 57.84 16.31 1.2 0.4 3.3 276 922

2015.63 64.9 14.62 3.56 0.22 5.11 199 854

2261.55 64.16 15.29 3.03 1.89 3.75 210 860

2367.53 67.41 1491 2.68 0.45 3.61 175 860

2372.6 61.23 15.46 3.19 0.41 3.54 244 886

2527.48 63.04 14.45 2.53 2.41 2.74 197 855

2867.83 62.85 15.49 3.72 0.1 3.8 202 865

2872.54 67.74 13.61 4.47 0.07 3.64 141 821

1389.97 75.9 13 1.1 3.29 4.45 82 776

1424.03 76.4 13.1 0.55 2.8 4.66 67 767

1631.5 75.7 13.1 0.96 2.95 4.26 85.7 785

s 1663.23 76 13.3 1.22 3.82 3.18 68.6 764
1672.22 71.9 16.9 0.47 0.86 4.16 93.9 819

1705.6 78.7 129 0.15 1.31 2.42 83.9 812

1715.02 76.8 13 0.85 3.66 3.86 79.9 777

W L2 e L A 1336.3 47.8 13.3 8.53 1.04 2.56 144 742
TR KIN & 1374.58 47.3 13.8 7.47 1.12 3.08 133 747
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FMQ—Fe,Si0,—Si0,—Fe,0, B4R 2% thk
Fig. 12 Diagram of Fe**~Fe*—Mg for biotites in granodiorite
porphyry exposed in the Nanling Scientific Drill Hole (after
reference [33])
HM-Oxygen buffer line of Fe,O0;—Fe;0.; NNO—Oxygen buffer line
of Ni-NiO; FMQ-Oxygen buffer line of Fe,Si0,—SiO,—Fe;0,

R DX AL 5 A B 2R 2 BERAR AL, AR 5 TN B
o 3 (R R A I A A B R ) SR
Ly
4.4 HBBEHTER

AR AR — L P A S E 2 T R TR
FREE MR A E R, R BUE K BES & 4B H =Bk
BBl BRI O i 280 ) B I N BE
AR SRe Ak . s B/ R R ER
A A af) RN S R EmRIRER L
(rfffa A af). TEAAMAEDREF, =A%)
AT A R ek BERERR R B, 1
DR R Bk BEL 43T AR R A A 5 AR
Hha AR VBEL Y AR SCTAIFSE SR U6 ) Fe/(Fe+
Mg)fH 4 0.38~0.56, HA 7 FH 1Y Fe/(Fe+Mg)fH A4 0.29~
0.56, & T4, HFE BALIREE AR, — & R4
AR (& 13—a) , LA SEIRAT R 73 T2 5252 4 1 IR
O il PR AR X AR A 5 A PR . AR A
Cathelineau 5 Jowett 2 H PR SR U6 AT Tt B o304
R A TR BURLEE 43 226~395°C .230~396°C,
HBEE LIRS , SR A 1T R A 5 e
TG 33  AR A A (B 13-b) . AT A5
AR YITE R B R RIS R A — L I 2K

Fe/(Fe+Mg) T/IC
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il - A- T(C)b
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K 13 840 5 5B =B Fe/(Fe+Mg) [ BEHS FLER A2 LA (2)
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Fig. 13 Fe/(Fe+Mg) value of chlorites and biotites (a) and
formation temperature of chlorites (b) varying with depth of
the Nanling Scientific Drill Hole
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